Purpose: To determine objectively measured intensity of physical activity (iPA) and its relationship to high-density lipoprotein cholesterol (HDL-C), lowdensity lipoprotein cholesterol (LDL-C), and the LDL/HDL ratio in women. Methods: Two hundred seventy-two women (40.1 y) wore CSA-MTI model 7164 accelerometers to index intensity and volume of physical activity for 7 d. Blood lipids were measured at a certified laboratory. Results: HDL-C was 52.1 ± 10.1, 52.2 ± 9.7, and 56.1 ± 11.1 mg/dL for the low, medium, and high intensity groups (P = 0.040), LDL-C differences were not significant (P = 0.23). LDL/HDL differences were observed (P = 0.030) with specific differences between the low and high iPA groups (P = 0.006). For HDL-C and LDL/HDL, significant relationships remained with control of dietary fat and age but not body fat percentage or volume of activity. Conclusions: High iPA had higher HDL-C levels and lower LDL/HDL ratios than low and medium iPA. The iPA was predictive of HDL-C partly due to its strong association with volume of activity and body fat percentage.
It is well documented that a reduced level of high-density lipoprotein cholesterol (HDL-C) and an elevated level of low-density lipoprotein cholesterol (LDL-C) are associated with increased risk of coronary heart disease (CHD). [1] [2] [3] [4] [5] [6] In addition, physical inactivity and poor cardiovascular fitness are clearly associated with increased risk of CHD. 7, 8 There are, however, conflicting data regarding the ability of physical activity and exercise to improve lipoprotein levels and reduce risk of CHD. Some researchers have reported that LDL-C and HDL-C levels are positively influenced by physical activity. 9, 10 On the other hand, some reviews have suggested that exercise has little effect on LDL-C with only small positive effects on HDL-C. 11, 12 LeCheminant and Bailey are with the Center for Physical Activity and Weight Management, the University of Kansas, Lawrence, KS 66045. Tucker is with Brigham Young University, Provo, UT 84602. Peterson is with the College of Nursing and Health Sciences, University of Colorado, Colorado Springs, CO 80933.
Regardless, it is likely that any response of lipoproteins to exercise is a result of an interaction between the intensity, duration, and frequency of the physical activity. Unfortunately, the role of each component is unclear. Specifically, there is a deficiency of data investigating intensity of physical activity (iPA) and lipoproteins. It is possible that a threshold of iPA is needed to optimize changes in lipoprotein levels. 13 At present, this has not been established. In addition, most studies that have examined the association between iPA and lipoproteins have exhibited multiple shortcomings. Virtually all assessments of physical activity have been self-reported, often reflecting wishful thinking more than actual physical exertion. Furthermore, many studies have failed to control for potentially confounding factors that might significantly influence the physical activity and lipoprotein relationship.
This investigation was designed to avoid many of the shortcomings of previous research. Its purpose was to determine the relationship between iPA, measured objectively with CSA-MTI model 7164 accelerometers, and HDL-C, LDL-C, and the LDL/HDL ratio in middle-age women. Furthermore, this study attempted to determine the role of volume of activity in the iPA and lipid profile relationship.
Materials and Methods

Participants and Design
A total of 272 women were recruited for this study using multiple advertising methods, including newspaper advertisements, company fliers and email, and word of mouth. Each of the 272 women was between the ages of 35 to 45 y, non-obese (BMI < 30), a non-smoker, premenopausal, and had no apparent health problems. Health status was assessed using a physical activity readiness questionnaire (PAR-Q). Most of the subjects were Caucasian (~ 90%), 81% were married, and 37% were college graduates. Each subject provided written, informed consent approved by the university's human subjects committee.
To compare variables of interest and to control for potentially confounding factors, multiple variables were assessed in this study, including iPA, total volume of physical activity, blood lipids, body fat percentage, and dietary fat. A cross-sectional design was used with subjects placed into intensity categories (low, medium, or high) based on the largest number of physical activity counts attained for a cumulative total of at least 90 min during the week of monitoring. Activity counts were measured using CSA-MTI model 7164 accelerometers (Manufacturing Technologies Inc., Fort Walton Beach, FL) in 10-min periods or epochs. The high-intensity group had at least 90 min (9 epochs) of activity at 50,000 counts or greater during the week. The medium intensity group had between 30,000 and 49,999 counts for at least 90 min during the week, and if the subject had fewer than 9 epochs showing activity counts greater than or equal to 30,000 counts, then she was placed in the low-intensity category. A combination of epochs totaling 90 min or more resulted in the subject being placed in the lowest intensity category contributing to the 90 min of activity. For example, if the subject had 5 epochs showing activity counts between 30,000 and 49,999 (medium intensity) and 6 epochs with counts of greater than 50,000 (high intensity), then she would be placed in the medium intensity category.
Intensity of Physical Activity
Physical activity was measured using CSA-MTI model 7164 accelerometers worn over the left hip for seven consecutive days. This accelerometer has been shown to give valid and reliable physical activity counts. [14] [15] [16] [17] Use of accelerometers allowed daily activities, such as walking, stair-climbing, jogging, and periods of little movement, including sitting and sleeping, and the intensity of these activities, to be monitored.
A pilot test of 20 women from this study was performed to determine walking/ jogging intensity equivalents associated with activity count cut-points. Results from these data indicated that activity counts of 0 to 29,999 in one 10-min epoch were associated with being sedentary to a slow walking pace (< 3 mph); 30,000 to 49,999 counts were associated with slow walking to fast walking (3 to 4 mph); and 50,000 or greater counts was linked with fast walking to running (> 4 mph).
Blood Lipids
HDL-C and LDL-C were measured by a certified hospital laboratory. Subjects were told to fast for at least 12 h before the blood draw. Blood samples were drawn from the antecubetal vein. All samples were separated by centrifugation at 4 °C for 15 min at 2000 g. The Dimension Clinical Chemistry System (Dade Behring Inc., Newark, DE), using the total cholesterol, HDL-C, and triglycerides enzymatic methods, was used to determine cholesterol levels in subjects. LDL-C was estimated using the Freidewald formula: LDL = Total -HDL -(triglycerides/5). The LDL/HDL ratio was calculated by dividing the LDL-C values by the HDL-C values.
Using the Dimension Clinical Chemistry system, average percent total coefficient of variation (CV) for total cholesterol is 1.3% for between-day runs and 0.8% for within-run variation using this method. Mean percent CV for the HDL-C measurement method is 2% for between-day runs and 1.6% for within-run variation. Similarly, percent CV for the measurement of triglycerides is 1.3% for between-day runs and 0.4% for within-run variation. Quality control was maintained for each of the cholesterol tests by running 2 levels of a quality control material with known concentrations at least once daily. One control sample was in the normal range and one was outside of the normal range for each quality control test.
Body Composition
Body fat percentage was evaluated using air displacement plethysmography, also known as the Bod Pod (Life Measurement Inc., Concord, CA). 18, 19 Research has shown the Bod Pod to be a valid and reliable method of measuring body fat percentage.
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Dietary Intake
To determine dietary intake, subjects weighed and recorded their food intake for seven consecutive days, during the same period the accelerometers were worn. According to multiple research studies, a 7-d recording period is adequate for measuring macronutrient and energy intake. 22, 23 Each subject was issued an Ohaus 2000 portable electronic scale (Ohaus, Florham Park, NJ) to increase measurement accuracy. The scale measures to the nearest gram. Each subject was trained on the use of the scale and asked to weigh and record everything ingested during the 7-d recording period, including liquids, food, supplements, and medication. A blank 7-d dietary journal was provided for each subject to guide them through the assessment period. The ESHA software program, version 7.2 (ESHA Research, Salem, OR), was used to analyze each food item recorded for the 7-d period. Energy intake and dietary fat, including saturated fat, monounsaturated fat, and polyunsaturated fat were assessed by the ESHA software to determine how each affected the iPA and blood lipid relationship. If subjects' recorded energy intake did not reach at least 130% of their estimated resting metabolic rate, they were considered to have under-reported and were asked to keep another 7-d log. 24 
Laboratory Methods
Each subject was asked to come into the laboratory on two separate occasions at least 7 d apart. Inducement for participation included a $25 gift certificate to the university bookstore and receiving their personal laboratory measurements on completion of testing. During the first visit, each subject provided written, informed consent approved by the university human subjects committee. Afterward, each subject was trained on the proper use of a 7-d dietary journal and electronic scale to measure the weight of food. A sample dietary log was also used to demonstrate proper recording of each food item. Plastic food models were used to demonstrate proper use of the scale.
After instruction on diet record keeping, each subject was asked to eliminate any bodily waste and to put on a one-piece bathing suit. Height was measured using a wall-mounted stadiometer. Weight was measured using an electronic scale (Tanita Corporation, Japan). The Bod Pod, used to measure body fat percentage, was calibrated by the researcher. Subsequently, the subject was measured in the Bod Pod. To ensure measurement reliability, multiple measurements were taken until two were within one percentage point of each other. The average of the two measurements within one percentage point was used for the subject's individual Bod Pod result. In 75% of the cases, only two Bod Pod measurements were needed.
After changing, each subject was instructed on the use of the accelerometer which was fitted over the left hip. In addition, each subject was encouraged to continue performing normal activities of daily living and normal leisure time physical activities during this week. The date of the second appointment was confirmed and subjects were given 7 d to record their diets and wear the activity monitors. Three reminder telephone calls were made during the week to encourage subjects to follow proper procedures and to answer any questions about the study.
After 7 d, each subject came in for a second appointment. During this appointment, the 7-d dietary journal and accelerometer were turned in and reviewed. The researcher discussed the food items with the subject to clarify the type and amount of dietary items reported. The accelerometer was also returned and correct wearing and use were confirmed. The accelerometer information was then downloaded and saved electronically.
At the conclusion of the second appointment, a blood profile requisition form was given to each subject to take to the hospital laboratory. Subjects were instructed as to the location of the laboratory and its business hours. Subjects were told to have their blood drawn within the week and were asked to fast for at least 12 h before the drawing. They were informed that drinking water during their fast was a good idea.
Statistical Analysis
To determine the extent iPA contributes to HDL-C, LDL-C, and the LDL/HDL ratio, regression analysis using the general linear model procedure was employed. Control of potential confounding variables was accomplished using partial correlation. Means adjusted for differences in the potential confounding factors were generated using the least squares means approach. To facilitate the interpretation of the data, subjects were divided into 3 categories based on their iPA scores and analysis of variance was used to determine the extent the groups differed in HDL-C, LDL-C, and the LDL/HDL ratio. All statistical analyses were computed using SAS software.
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Results
Subject characteristics are reported for age, height, body weight, BMI, body fat percentage, dietary fat percentage, and physical activity (Table 1) . Table 2 shows that the mean HDL-C levels were 52.1 ± 10.1 for the low-intensity group, 52.2 ± 9.7 for the medium group, and 56.1 ± 11.1 for the high-intensity group. HDL-C differences were significant between the low and high groups (P = 0.009) and also between the medium and high groups (P = 0.034). Mean LDL-C levels were 108.5 ± 29.0 for the low-intensity group, 104.0 ± 29.0 for the medium group, and 101.7 ± 23.1 for the high-intensity group, with no significant differences among groups (P = 0.233). Mean LDL/HDL ratios were 2.1 ± 0.6 for the low-intensity group, 2.0 ± 0.6 for the medium group, and 1.9 ± 0.6 for the high-intensity group (P = 0.030). Only differences between the low-and high-intensity groups were statistically significant (P = 0.006). Table 3 reveals several trends among iPA groups. Weight was lowest in the high iPA group, but differences were not significant (P = 0.58). Body fat percentage was significantly lower in the high iPA group compared to the others (P = 0.001).
Percentage of intake from dietary fat was lowest in the high iPA group, but again differences were not significant (P = 0.08). Moreover, total physical activity levels differed significantly among the iPA groups, with the high iPA group showing the most physical activity and the lowest iPA group showing the least amount of physical activity. There were no differences in energy intake (kcal) among groups (P = 0.217). Kcal consumed per kilogram of body weight (kcal/kg) was, however, greatest in the high iPA group. Pearson correlations were performed to determine the association between energy intake and lipoprotein variables. Total energy intake (kcal) was not correlated with HDL-C, LDL-C, or LDL/HDL. Kcal/kg was, however, correlated with HDL-C (r = 0.15; P = 0.012), LDL/HDL (r = -0.16; P = 0.008), but was not significantly correlated with LDL-C (r = -0.009; P = 0.123).
Control variables included dietary fat, age, total physical activity, and body fat percentage. Saturated, polyunsaturated, and monounsaturated fats were individually used as control variables but did not influence the iPA and blood lipid relationship. Thus, for simplicity, only means adjusted for total dietary fat are reported. Controlling for differences in dietary fat and age had no significant influence on the relationships between iPA and the individual blood lipid variables (Table 2) . Adjusting for total physical activity and body fat percentage individually, however, weakened the iPA and blood lipid relationships, particularly HDL-C (Figure 1 ).
Discussion
The present study was unique in that it examined the association between iPA and lipoproteins using objective physical activity and intensity of physical activity data assessed in a free-living environment. Furthermore, this study was designed to determine if the relationships persisted after adjusting for dietary fat intake, age, total volume of physical activity, and body fat percentage. The main finding of this study was that higher iPA levels were associated with higher HDL-C levels and lower LDL/HDL ratios. Another important finding was that total volume of physical activity was greatest in the high iPA group and lowest in the low iPA group.
It is difficult to compare the results of the present study with other studies due to different measurement methods of iPA. Regardless, there exists in the literature evidence that increasing iPA might lead to improvements in HDL-C. 26, 27 In the present study, the high iPA group, performing activities such as jogging or stair-climbing, had a significantly higher HDL-C and LDL/HDL ratio than the low and medium iPA groups. The medium iPA group performed moderate intensity, non-vigorous activities, such as brisk walking. When the medium iPA group was compared to the low iPA group, there were no statistical differences for any lipoprotein variable. These data suggest that moderate intensity activities might not be enough to improve HDL-C, LDL-C, or the ratio between the two. The present findings, however, do not fully agree with some other investigations of intensity of activity. There are several studies that suggest that low or moderate iPA is associated with improvements in lipoproteins. [28] [29] [30] [31] In the present study, the association between HDL-C and exercise intensity was no longer statistically significant after adjustment for total volume of physical activity, suggesting that total volume of physical activity accounts for part of the relationship. Multiple studies have reported that volume of physical activity, regardless of intensity, is an important predictor of HDL-C. 11, 13, [32] [33] [34] [35] In addition, HDL-C increases in a stepwise fashion with increases in miles walked/jogged or energy expended. 32, 34 In the present investigation, greater iPA was associated with a greater total volume of physical activity. It is likely that high iPA is an effective way to increase the total volume of activity.
Some investigations suggest that volume of physical activity could be a more important predictor of HDL-C than iPA. 13, 28 Kraus, et al. reported the effects of an 8-month exercise intervention using three separate intensity/amount groups (highamount/high-intensity; low-amount/high-intensity; low-amount/low-intensity) and showed that the high-amount/high-intensity group had a significantly higher HDL-C concentration than the lower amount groups. 13 It is important to note that the highamount/high-intensity group and the low-amount/high-intensity group did not differ in their intensity level, only in their total volume of exercise. They concluded that volume was a more important predictor of lipid changes than intensity. Duncan and his colleagues compared the quality versus quantity of walking for improvements in lipoproteins. 28 Participants were randomized to 4 groups (1 control and 3 walking groups). These researchers reported HDL-C improved equally in the lowest intensity walking group and the highest intensity walking group and that the lowest intensity walking group improved HDL-C to a greater extent than the medium intensity walking group. 28 In the present study, there was no statistically significant relationship between LDL and iPA; however, as iPA increased LDL-C tended to decrease. Previous studies suggest that physical activity has little or no influence on LDL-C. 12, 13, 33, 35 The present study supports this view and suggests that iPA might not be an important determinant of LDL-C levels.
An important finding of this study was that controlling for differences in body fat percentage significantly weakened the relationship between iPA and HDL-C and LDL-C to the point of non-significance among all groups, suggesting that the associations were partly due to differences in body fatness. This finding begs the question, "Are HDL-C levels higher among women who perform high-intensity activity because they are leaner, or because they perform higher intensity activity?" From these data, the question cannot be answered.
There are limitations of this study. Physical activity was assessed for a period of 7 d. It is possible that the week physical activity was assessed was not an accurate representation of normal activity in participants. In addition, a cross-sectional design was employed. Although this design provides some insight into the research question and provides strong hypotheses for future randomized controlled trials, there is possible selection bias among iPA groups.
There has been considerable debate regarding the relative importance of iPA in decreasing risk of disease. [36] [37] [38] With the high prevalence of CVD and the influence of lipoproteins on the development of CVD, the consistent application of both an appropriate iPA and volume of activity becomes important as a preventative measure for prevalent diseases. According to the recommendation from the Centers for Disease Control and Prevention and the American College of Sports Medicine, "every US adult should accumulate 30 min or more of moderate-intensity physical activity on most, preferably all, days of the week." 39 The Surgeon General's report recommends, ". . . an increase in daily expenditure of approximately 150 kcal per day is associated with substantial health benefits and the activity does not need to be vigorous to achieve benefit. . . ." 40 
Conclusion
In summary, the results of the present study suggest that iPA might be an important factor relative to lipoprotein levels. Specifically, engaging in regular high intensity physical activities could be a valuable method of increasing the total volume of physical activity. Therefore, the possibility cannot be ruled out that total volume of activity is more important than iPA in improving lipoproteins. Because few other published investigations have utilized objective data from accelerometers to determine iPA, comparisons are impossible. Utilizing accelerometers to determine iPA in a free-living environment might be an important tool to more accurately determine the association between iPA and lipoproteins. Further studies are needed to determine the appropriate amount of physical activity necessary to cause improvements in blood lipids and lipoproteins and the relative role of intensity in increasing total volume.
